Searching PAJ 



BEST AVAILABLE COPY 
PATENT ABSTRACTS OF JAPAN 



Page 1 of 2 



(1 1 )Publication number : 2002-204003 
(43)Date of publication of application : 19.07.2002 



(51)lnt.CI. 



HOIL 43/08 
GOIR 33/09 
GllB 5/39 
HOIC 7/00 
HOIF 41/34 
HOIL 43/12 



(21) Appllcation number : 2000-401037 (71)Applicant : TOSHIBA CORP 

(22) Date of filing : 28.12.2000 (72)lnventor : OSAWA YUlCHI 

KISHI MASAYUKI 



(54) METHOD FOR MANUFACTURING VERTICALLY CONDUCTING 
MAGNETORESISTANCE EFFECT ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enable to prevent 
dispersion of resistance and obtain a high process 
yield of a magnetoresistance effect element. 
SOLUTION: A manufacturing method comprises the 
steps of: forming a lower electrode 2, forming a 
magnetoresistance effect film 4 including a plurality of » 
layers on the lower electrode; forming a mask 6 on 
the magnetoresistance effect film; patterning the 
magnetoresistance effect film with the mask; forming 
a high resistive film 10 having higher resistance than 
the magnetoresistance effect film at the side of the 
magnetoresistance effect film as the mask remain; 
removing the mask; removing the high resistive film 
existing on the magnetoresistance effect film; an 
forming an upper electrode 12 on the magnetoresistance effect film. 
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* NOTICES * 

JPO and NCIPI are not; responsible for any 
damages caused by the use o£ tihis tiranslatiion . 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Form a lower electrode and the magneto-resistive effect film which has two or more layers 
is formed on said lower electrode. Form a mask on said magneto-resistive effect film, and patterning 
of said magneto-resistive effect film is carried out using this mask. The high resistance film with 
resistance higher than said magneto-resistive effect film is formed in the side of said magneto- 
resistive effect film, with said mask left. The manufacture approach of the vertical energization mold 
magneto-resistive effect component characterized by removing said mask, removing said high 
resistance film which exists on said magneto-resistive effect film, and forming an up electrode on 
said magneto-resistive effect film. 

[Claim 2] The manufacture approach of the vertical energization mold magneto-resistive effect 
component according to claim 1 characterized by removing said high resistance film which exists on 
said magneto-resistive effect film at a large rate compared with the clearance rate of the maximum 
upper layer of said magneto-resistive effect film. 

[Claim 3] The manufacture approach of the vertical energization mold magneto-resistive effect 
component according to claim 1 characterized by forming said high resistance film by the directive 
good approach. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[0001] 

[Industrial Application] This invention relates to the manufacture approach of a vertical energization 

mold magneto-resistive effect component. 

[0002] 

[Description of the Prior Art] In recent years, the magnetic recording density in a hard disk drive 
rises rapidly, and the playback output per [ which is demanded ] unit width of recording track is also 
rising rapidly in connection with it. It is expected per 1 inch square that the playback output per 
width of recording track becomes very high with lOmV or more at the time of lOOGbpsi(s) (Gigabits 
per square inch). The playback component which passes a vertical sense current to film laminating 
interfaces, such as a TMR (Tunneling Magneto-resistance) component and CPP-GMR (Current 
Perpendicular to the Plane-Giant Magneto-resistance), is proposed to this high power demand. The 
sense current supply source to the sensor of these vertical energization method needs to take an 
electrode to the upper and lower sides of a playback component. However, in connection with high 
magnetic recording density, since the magnetization on a medium is small, it is necessary to also 
make the configuration of a playback component small on deep submicron level. 
[0003] On the other hand, the manufacture approach of a playback component is Abutted at the 
reason of the process simple nature from the time of the energization method within a field. The 
Junction (henceforth AJ) process is used, and even if it becomes a vertical energization method 
playback component, since it is unchanging to the process simple nature, AJ process is adopted. As it 
is first indicated in drawing 9 (a) as AJ process in a field secret communication electrotyping 
component T mold resist pattern 26 is formed on the CIP (CurrentIn Plane) magneto-resistive effect 
film 24 formed on the lower gap 22. Patterning of the CIP magneto-resistive effect film 24 is carried 
out by using this T mold resist pattem 26 as a mask. Then, after patteming leaves this T mold resist 
pattem 26 as it is, the bias film 28 and an electrode layer 30 are formed fi-om on that (refer to 
drawing 9 (c)), and the process which finally removes T mold resist pattem 26 is pointed out (refer 
to drawin g 9 (d)). 

[0004] In a vertical energization mold playback component, as shown in JP,2000-228002,A, the CPP 
magneto-resistive effect film 4 is formed on the lower electrode 2, and T mold resist pattem is 
formed on this CPP magneto-resistive effect film 4. And patteming of the CPP magneto-resistive 
effect film 4 is carried out by using this T mold resist pattem 6 as a mask, after that, after patteming 
leaves this T mold resist pattem as it is, the bias film 8 and an insulator layer 10 are formed fi-om on 
that, and, finally T mold resist pattem is removed (refer to drawing 10 ). In addition, instead of 
forming an insulator layer 10, as formed in bias film 8 itself with a high electric resistance 
ingredient, you may constitute. 
[0005] 

[Problem(s) to be Solved by the Invention] Thus, when AJ process is used for manufacture of a CPP 
magneto-resistive effect component, the high electrical-resistance-materials film 8 and an insulator 
layer 10 turn to the hollow part of a mask from the inevitable configuration of a mask, and it starts 
near the edge of the magneto-resistive effect film 4. Since it is difficult to control the distance (the 
amount of overlap) which requires the high electrical-resistance-materials film 8 and an insulator 
layer 10 on the magneto-resistive effect film 4, dispersion arises in the touch area of an electrode 
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when formed on the magneto-resistive effect film 4, and the magneto-resistive effect film 4. 
Consequently, resistance of a sensor (magneto-resistive effect component) will vary, supposing the 
size of a sensor is O.lmicrometerxO.l micrometer temporarily and the amount of overlap is usually 
set to 20nm from an edge by the amount of overlap of an insulator layer 10 at the time of lOnm — the 
touch area of the magneto-resistive effect film and a top electrode — 2 - or it will become low 30 
percent. And even if it is dramatically difficult in process to control this amount of overlap to lOnm 
and manufactures actually, the yield is bad and brings about the cost high. 

[0006] This invention is made in consideration of the above-mentioned situation, and it prevents that 
the resistance of a magneto-resistive effect component varies as much as possible, and aims at 
offering the manufacture approach of the vertical energization mold magneto-resistive effect 
component which can make the yield high as much as possible. 
[0007] 

[Means for Solving the Problem] The manufacture approach of the vertical energization mold 
magneto-resistive effect component by this invention Form a lower electrode and the magneto- 
resistive effect film which has two or more layers is formed on said lower electrode. Form a mask on 
said magneto-resistive effect film, and patteming of said magneto-resistive effect film is carried out 
using this mask. The high high resistance film of resistance is formed in the side of said magneto- 
resistive effect film, said mask is removed, said high resistance film which exists on said magneto- 
resistive effect film is removed from said magneto-resistive effect film, with said mask left, and it is 
characterized by forming an up electrode on said magneto-resistive effect film. 
[0008] Thus, in the manufacture approach of constituted this invention, after depositing the high 
resistance film, with a mask left, a mask is removed and the high resistance film which exists on the 
magneto-resistive effect film after that is removed. Since contact area with the up electrode formed 
on the magneto-resistive effect film is prescribed by the up area of the magneto-resistive effect film 
by this, resistance of a magneto-resistive effect component is stabiUzed and it can prevent that 
resistance varies. Consequently, a magneto-resistive effect component can be manufactured with the 
sufficient yield. 

[0009] In addition, as for said high resistance film, it is desirable to consist of an ingredient which 
has a large clearance rate compared with the clearance rate of the maximum upper layer of said 
magneto-resistive effect film. 

[0010] moreover — clearance of said high resistance film — reactive ion etching (henceforth RIE) ~ 

law or chemical mechanical polishing (henceforth CMP) ~ law may be used. 

[001 1] In addition, as for said high resistance film, it is desirable that membranes are formed by 

either the ion beam spatter method, a cathodic arc process, the long slow spatter method and the 

coUimation spatter method and these and an EQC by the directive good approach. 

[0012] 

[Embodiment of the Invention] The operation gestalt of this invention is hereafter explained with 
reference to a drawing. 

[0013] (The 1st operation gestalt) The 1st operation gestalt of the manufacture approach of the 
vertical energization mold magneto-resistive effect component by this invention is explained with 
reference to drawing 1 thru/or 3. The production process of the manufacture approach of this 
operation gestalt is shown in drawing 1 . 

[0014] first, the conductor which consists of for example, a MoW alloy or Ta on this lower shielding 
film on the Al Chick substrate 100 after forming the lower shielding film (not shown) further, the 
alumina under coat film (not shown) and as shown in drawing 1 (a) — the film is formed as a lower 
electrode 2. Furthermore, using CMP, the front face of the lower electrode 2 is graduated so that it 
may become 5nm or less of surface roughness. It becomes important [ it is important to press down 
surface roughness, while especially component size is becoming small, for example, ] for 
dependability reservation of a vertical energization mold playback component, when component size 
becomes 0.1 micrometerxO.l -micrometer angle extent to control grain irregularity finely, since the 
magnitude of grain each of the lower shielding film which consists of NiFe formed by plating etc. 
becomes about [ of a component ] 1/10. Smoothing by CMP may be performed on the lower 
shielding film which consists of NiFe, and may be performed on the bottom electrode 2 which 
consists of MoW. 
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[0015] Next, as shown in drawing 1 (b), the vertical energization mold magneto-resistive effect film 
4, for example, the CPPGMR film, is formed on the lower electrode 2. The laminated structure of 
this CPPGMR film 4 For example, Ta layer the bottom to whose thickness is 5nm, The CoFe layer 
whose thickness is Inm, Cu layer whose thickness is Inm, the CoFe layer whose thickness is Inm, 
Cu layer and thickness whose thickness is liun are Inm. A CoFe layer, Cu layer whose thickness is 
7nm, the CoFe layer whose thickness is Inm, Cu layer whose thickness is Inm, the CoFe layer 
whose thickness is Inm, Cu layer whose thickness is Inm, the CoFe layer whose thickness is Inm, 
the PtMn layer whose thickness is 23nm, and Ta layer whose thickness is 5nm - since - it has 
become. 

[0016] Then, the photoresist pattern 6 which consists of a photoresist and which has recess 6a 
caudad is formed on this CPPGMR film 4, and patterning of the CPPGMR film 4 is carried out in 
ion milling by using this photoresist pattem 6 as a mask (refer to drawing 1 (b)). In addition, the 
substrate 100 is omitted after drawing 1 (b). 

[0017] Next, as shown in drawing 1 (c), the bias film 8 whose thickness which leaves the photoresist 
pattem 6 as it is, for example, consists of CoPt is SOimi is formed, and the high resistance film 10 
with resistance still higher than the CPPGMR film, for example, the insulator layer whose thickness 
which consists of Si02 is 50run, is formed. And if the photoresist pattem 6 is removed, as shown in 
drawing 1 (d), the insulator layer 10 which consists of Si02 on the CPPGMR film 4 starts slightly, 
and it will be in an overlap condition, the amount of overlap at this time ~ the configuration of the 
photoresist pattem 6, and Si02 fi"om — it is decided by surroundings lump of the insulator layer 10 in 
the becoming membrane formation process of an insulator layer 10. Control will become very 
difficult if the amount need controlled variable of overlap generally becomes the order which is 
about lOnm. 

[0018] Thus, if an insulator layer 10 performs the formation process of the up electrode 12 in the 
condition of overlapping on the CPPGMR film 4 as shown in drawing 2 , into the part a which the 
insulator layer 10 overlaps, the sense current fi-om the up electrode 12 will not flow, but contact to 
the up electrode 12 will be made in the part b to which the insulator layer 10 does not overlap the 
CPPGMR film 4. Therefore, the part into which a current's flows becoming small, and contact area 
will become small, and component resistance (contact resistance ****) will go up. 
[0019] Then, as shown in drawing 1 (e), before the up electrode 12 is formed with this operation 
gestalt For example, it went RIE using Freon system gas, such as CHF3, to the whole substrate 
surface., Si02 film 10 performed about lOnm of the amounts of etching. Moreover, since the 
collision of physical ion may have an adverse effect on the CPPGMR film 4, it is still more desirable 
to apply CDE (Chemical Dry Etching) which is chemical dry etching. The selection ratio in RIE of 
Ta protective coat of the maximum upper layer of the CPPGMR film 4 and Si02 fihn 10 was about 
10. Therefore, etching of Si02 film 10 whose thickness is lOimi is equivalent to limi etching of Ta 
protective coat. By this etching, as shown in drawing 1 (f), the insulator layer on the CPPGMR film 
4 retreated to the edge of the CPPGMR film 4. Consequently, since sensor resistance is prescribed by 
the area of the top face of the CPPGMR film 4, it can prevent that resistance varies as much as 
possible, and can make the yield high as much as possible. In addition, after removing the insulator 
layer 10 which remains on the CPPGMR film 4, an up electrode (not shown) is formed on the 
CPPGMR film 4. 

[0020] Since the thickness of an insulator layer 10 it is thin firom Si02 which turns on the CPPGMR 
film 4 is less than [ 1/several ] compared with a flat part, the insulator layer 10 on a component is 
easily removable by performing slight RIE. In addition, the insulator layer 10 on the bias film 8 can 
secure the insulation with the up electrode 12 and the bias film 8 by forming it thickly beforehand 
with less than [ 1/several ], since the amount which turns on the CPPGMR film 4 although part 
etching will be carried out is few. 

[0021] Moreover, if the directive good membrane formation approaches, i.e., the membrane 
formation approach that the direction of the matter which jumps out of a target turns into a 
predetermined one direction, such as ion beam sputtering, are used, distribution of an insulator layer 
10 can be formed so that it may become thick rapidly, if it separates fi-om the CPPGMR fihn 4. 
Consequently, the process width of face of RIE time amount can be expanded. This is explained with 
reference to drawing 3 (a). The case where an insulator layer 10 is formed by directive good 
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approaches, such as an ion beam spatter, to drawing 3 (a) is shown. In order to remove the insulator 
layer on the CPPGMR film 4, anisotropic etching is performed using the RIE method. Thereby, an 
insulator layer 10 retreats the CPPGMR film 4 top toward an edge. Let a just-etching condition be 
the time amount the insulator layer 10 started the edge of the CPPGMR film 4 exactly. When 
thickness distribution of an insulator layer 10 is steep, namely, when an insulator layer 4 is formed 
by the directive good membrane formation approach with the edge of the CPPGMR film 4 when RIE 
is performed so that it may furthermore become over etching, even if it performs RIE so that it may 
become over etching, the insulator layer edge 10 hardly retreats fi-om the edge of the CPPGMR film 
4. consequently, the sense current which flows in fi*om an up electrode (not shown) in order that the 
bias film 8 which consists of CoPt under an insulator layer 10 may not come out to an etching fi-ont 
face — the CPPGMR film 4 ~ flowing — bias — a conductor — shunt and there is nothing on the film 
8. For this reason, there is no loss of a sense current and it can prevent that the resistance of a 
CPPGMR component varies. 

[0022] On the other hand, when an insulator layer 10 is formed by RF (Radio Frequency) spatter etc. 
As shown in drawing 3 (b), fi"om the condition of just etching which requires an insulator layer 10 
for the edge of the CPPGMR film 4 by RIE furthermore, the bias which the edge of an insulator 
layer 10 retreats by over etching, and consists of CoPt since thickness distribution of the insulator 
layer [ / near the edge of the CPPGMR film 4 ] 10 is loose when RIE is performed so that it may 
become over etching — a conductor — the film 8 comes out to an etching firont face. Consequently, 
since the sense current which flows fi-om an up electrode (not shown) flows not only on the 
CPPGMR film 4 but on the bias film 8 which consists of CoPt, it will lose a sense current. 
[0023] In addition to the pressure-resistant improvement by the membraneous comparison with the 
usual RF sputtering membrane formation, by forming the steep thickness profile in the edge of this 
CPPGMR film 4, the insulator layer 10 which was formed by the directive good membrane 
formation approaches, such as the ion beam spatter method, firom the above thing in being valid in 
this invention can bring about amplification of a process window, and, as a result, can stabilize 
sensor resistance more. 

[0024] It is desirable for there to be a cathodic arc process, a long slow spatter method, or the 
coUimation spatter method other than the ion beam spatter method, and to use a directive good 
approach for these either, or these and an EQC as the directive good membrane formation approach. 
[0025] In addition, at this operation gestalt, it is Si02 about an insulator layer 10. Although it was 
CHF3, Freon system gas, chlorine-based gas, etc. of others [ etching gas ] can use etching gas. 
Moreover, an insulator layer 10 may use an alumina, a zirconia, etc. 

[0026] (2nd operation gestalt) Next, the 2nd operation gestalt of the manufacture approach of the 
vertical energization mold magneto-resistive effect component by this invention is explained with 
reference to drawing 4 . Drawing 4 is the sectional view showing the production process of the 
manufactxire approach of this operation gestalt. 

[0027] In the manufacture approach of the 1st operation gestalt, the manufacture approach of this 
operation gestalt forms the insulator layer 1 1 to which the laminating of the two ingredients with 
which construction material differs instead of an insulator layer 10 was carried out, in order to 
prevent the over etching by RIE. Membrane formation of the bias film 8 which consists of CoPt is 
performed at the same process as the 1st operation gestalt. And film 11a which consists of Si02 
whose thickness is 30nm where the photoresist pattern 6 is left is formed, the laminating of the 
insulator layer film lib which consists of aluminum 203 whose thickness is 30nm fiirther is carried 
out, and an insulator layer 1 1 is formed by removing the photoresist pattern 6 like the 1st operation 
gestalt after that, i.e., the lift-off method, (refer to drawing 4 (a)). 

[0028] Next, as shown in drawing 4 (b), the insulator layer which tumed on the CPPGMR fihn 4 by 
etching the fi-ont face of an insulator layer 1 1 by the RIE method using CHF3 gas is removed. The 
clearance by this etching performs RIE for alumina (aluminum 203) film 1 lb in a surface first using 
CHF3 gas. This etching was performed on condition that CHF3 gas 15sccm, coil power 300W, and 
platen power 300W using the ICP plasma etching system. In this etching condition, the selection 
ratio to Si02 film 1 la of aluminum203 film 1 lb is about 4. Si02 film 1 la is intermittently etched 
after etching several lOnm (refer to drawing 4 (b)) in alumina film 1 lb on the CPPGMR film 4. At 
this time, as shown in drawing 4 (b), still thick alumina film 1 lb remains in the side of the CPPGMR 
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film 4. Then, when etching is performed on these conditions, instead of this extant alumina film lib 
being a mask is carried out, and Si02 film 1 la is etched by one about 4 times the speed of this as 
compared with alumina film 1 lb ( drawing 4 (c)). Alumina film 1 lb can carry out the role of a mask, 
and retreat of an insulator layer 1 1 can be controlled by carrying out like this. Consequently, it can 
prevent a sense current's flowing [ opening area ] by over etching in addition to breadth and 
CPPGMR film 4, and a sense current losing. 

[0029] As mentioned above, the breadth of opening by over etching can be controlled by making the 
upper etching rate lower than a lower layer etching rate so that an insulating layer 1 1 may be made 
into two or more layers and upper 1 lb may carry out the role of the mask of lower layer 11a. 
Furthermore, it becomes easy to reduce the poor insulation by the pinhole by becoming two or more 
layers. 

[0030] Moreover, this 2nd operation gestalt as well as the 1st operation gestalt can prevent that the 
resistance of a magneto-resistive effect component varies as much as possible, and can make the 
yield high as much as possible. 

[003 1] In addition, although dry etching was used with the 1st and 2nd operation gestalten as etching 
which removes the insulator layer on the CPPGMR film 4, it is also possible to process it using wet 
etching. 

[0032] (3rd operation gestalt) Next, the 3rd operation gestalt of the manufacture approach of the 
vertical energization mold magneto-resistive effect component by this invention is explained with 
reference to drawing 5 . The production process of the manufacture approach of this operation gestalt 
is shown in drawdng 5 . 

[0033] In the 1st operation gestalt, the manufacture approach of this operation gestalt uses the CMP 
method for clearance of the insulator layer 10 on the CPPGMR fihn 4 instead of the RIE method, 
and performs it. 

[0034] First, it carries out at the same process as the 1st operation gestalt until thickness forms Si02 
film 10 which is 50nm, as shown in drawing 5 (a). In addition, drawing 5 (a) shows the configuration 
which carried out the lift off. Next, CMP was performed using the base slurry which consists of 
Si02. The processing rate of Si02 film 10 and Ta film which is the maximum upper layer of the 
CPPGMR film 4 is about 4: 1 . It is not influenced by setting a cross as a soft ingredient by the 
irregularity applied to the CPPGMR film 4 from an insulator layer 10, but CMP becomes is easy to 
be performed on the whole sxxrface. The configuration after CMP processing is shown in drawing 5 
(b). About lOnm of CMP was performed. It tums out that Si02 thin insulator layer on the CPPGMR 
film 4 is retreating to the edge of the CPPGMR film 4. The amount of processings of Ta fihn which 
is a protective coat formed in the maximum upper layer of the CPPGMR film 4 was 2.5imi. The 
insulator layer on the CPPGMR fihn 4 is removable from the above thing with CMP by taking a 
processing selection ratio with the protective coat of the GMR film 4. 

[0035] Also in this 3rd operation gestalt, it can prevent that the resistance of a magneto-resistive 
effect component varies as much as possible like the 1st operation gestalt, and the yield can be made 
high as much as possible. 

[0036] In addition, in the 1st operation gestalt, as shown in drawing 6 (a) depending on the formation 
approach of the bias film 8 which consists of CoPt, the bias film 8 may be applied to the edge of the 
CPPGMR film 4 like an insulator layer 10. In this case, even if it removes an insulator layer 10 by 
the RIE method etc., the bias film 8 will remain in the bottom of it (refer to drawing 6 (b)). Since 
there is conductivity in the bias fihn 8 which consists of CoPt fimdamentally, if an insulator layer 10 
is removed from on the CPPGMR film 4, component resistance will be stabilized and will be 
manufactured. However, when the electric resistance of the bias film 8 is highly set up by the 
manufacture approach of the bias film 8, or when thickly formed on the CPPGMR film 4, lifting of 
component resistance is produced like the time of the insulator layer 10 having started. 
[0037] The lifting allowed value of the component resistance per unit area of the part to which the 
laminating of the bias film which becomes below from CoPt for pressing down component resistance 
to **10% (range 20%) was carried out is explained. 

[0038] The residual thickness allowed value on the CPPGMR film 4 of the film 8 which consists of 
CoPt required in order to press down in a range fluctuation of resistance of the CPPGMR fihn 4 by 
surroundings lump of the bias film 8 which consists of CoPt within 20% is calculated noting that it 
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assumes that there are the area homogeneity of the component by the process and membrane 
formation repeatability of enough of the electrical resistivity of the CPPGMR film 4, 
[0039] Hereafter, it explains with reference to drawing 7 . 

[0040] The amount of surroundings lumps of the bias film 8 firom the edge of the CPPGMR fihn 4 is 
set to w (value of standard over die length of one side), and suppose that the bias film 8 which 
becomes the part around which it turned fi-om CoPt is formed by homogeneity by Thickness t. 
Moreover, the part around which the film which consists of CoPt tums: Consider as the resistance Ra 
of the film surface perpendicular direction per unit area in Area A (=(l-2w) xl). 
[0041] The resistance RA of the fihn surface perpendicular direction in Area A serves as RA=Ra/Sa 
(however, normaUzation area [ as opposed to the size of the CPPGMR film 4 of Area A in Sa ]). 
[0042] Moreover, the part around which the film 8 which consists of CoPt tums: Set in Area B (= I- 
area A), and it is the resistance Rb of the film surface perpendicular direction per unit area. Rb= cx 
Ra (=Ra+Rbias) ... (1) 

Here, a multiplier and Rbias show resistance of the film surface perpendicular direction by the CoPt 
film. [ as opposed to Ra of Rb in c ] And the pomprehensive resistance RB (film surface 
perpendicular direction) in Area B serves as RB==Rb/Sb (however, normalization area [ as opposed to 
the size of the CPPGMR fihn 4 of Area B in Sb ]). 

[0043] The comprehensive resistance Rtot of the CPPGMR film 4 by what the bias film 8 which 
consists of CoPt turned around is the parallel resistance of Area A and Area B, and becomes 
Rtot=RAxRB/(RA+RB). Therefore, if the increment ratio in component resistance is set to D when 
you have no surroundings lump, it will become the following (2) types. 
[0044] 

D=Rtot/=(Ra/(Sa-hSb)) (RAxRB/(RA+RB))/ (Ra/(Sa+Sb)) ... (2) 

(2) Rewrite a formula and they are D=(Ra/Sa) (Rb/Sb) (/)/((Ra/Sa)+(Rb/Sb)) Ra=RaRb/ 

(RaSb+RbSa) (Ra) =c/(Sb+cSa), therefore c=DSb/(l-DSa). ... (3) 

******. Here, it is cRa=Ra+Rbias, i.e., c=l+Rbias/Ra, firom (1) type. ... (4) 

It becomes. (3) Rbias/Ra=DSb firom a formula and (4) types / (1-DSa) -1 ... (5) 

l|t3|C3|CJ|CJ|C« 

[0045] Therefore, resistance of the film which consists of CoPt permissible if the resistance Ra of the 
permissible increment ratio D in component resistance and the CPPGMR film per unit area and the 
circumference lump area Sa and Sb of CoPt are known can be drawn. 

[0046] The residual thickness allowed value on the CPPGMR film 4 of the film 8 which consists of 
CoPt under the following assumptions is calculated. 

[0047] The resistance per imit area of the vertical energization direction of the CPPGMR film 4 The 
effect by antiferromagnetism film (for example, PtMn alloy, IrMn alloy, etc.) thickness with the high 
electrical resistivity of an ingredient and the thickness of Ta film used for a substrate or a cap layer 
as most Electrical resistivity: 230 of PtMn (muomega and cm), 150 (muomega and cm) and thickness 
Electrical resistivity of thickness 25nmTa : Electrical resistivity: 150 of 10nm(protective coat + 
substrate film) CoPt (muomega and cm). The CPPGMR laminating series resistance Ra per unit area 
in the surroundings lump thickness t and Area A CPPGMR [ in / it is Ra =230x25+150x10=7250, 
and / Area B ], The laminating series resistance Rb per bias film laminating unit area is Rb 
=Ra+150t= 230x25+150xl0+150t= c Ra=7250c. Noting that the bias film 8 which consists of CoPt 
tums 20% of the top face of the CPPGMR film 4 of one side fi-om each edge Moreover, w= 0.2 and 
the bottom, area A area: Sa=(l-0.2x2) xl=0.6 area B area: - it is set to Sb=l-Sa=l -0.6=0.4. here, 
if Sa=0.6, Sb=0.4, and D= 1.2 are substituted for (5) types as 20% the increment ratio in component 
resistance - Rbias/Ra=DSb/(l-DSa) follows -l=(1.2x0.4)/(l-1.2x0.6)-l=0.71Rbias-150t= 
0.71x7250t=34.5 nm. It can approve, even if the film 8 which consists of CoPt exists to 34.5nm on 
the CPPGMR fihn 4, and a result which does not need to remove depending on the membrane 
formation process of the film 8 which consists of CoPt is brought. 

[0048] Moreover, the resistance of a bias film part rises according to a membrane formation process, 
and to exceed a component resistance allowed value, it is necessary to perform clearance or 
reduction of the bias film. In this case, the bias film also tums into high resistance film. 
[0049] Since it is difficult to remove the film which generally consists of CoPt by KEMIKARU 
etching. For example, as shown in the ion milling in the include angle which can take enough the 
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selection ratio of the protective coat of the maximum upper layer of CPPGMR film, such as Ta, and 
the bias film 8, and drawing 8 (a) Or an include angle performs ion milling at a shallow include 
angle to a substrate before clearance of the resist pattern 6 when not forming an insulator layer 10 
(refer to drawing 8 (b)). before membrane formation of the insulator layer 10 after forming the bias 
film 8 — It is effective to perform the clearance or reduction of the bias film 8 currently formed on 
the CPPGMR film 4 (refer to drawing 8 (b)). Henceforth, when forming an insulator layer 10 (refer 
to drawing 8 (c)), by using RIE etc. after clearance of a resist pattern 6, and removing the insulator 
layer on the CPPGMR film 4, the bias fihn 8 and insulator layer 10 which consist of ( drawing 8 (d) 
reference) and CoPt are made to remove firom on the CPPGMR film 4, and it becomes possible to 
manufacture by stable component resistance. 

[0050] In addition, in the above-mentioned operation gestalt, although the mask 6 was T mold 
configuration, this invention is not limited to this, and if it is the thing of the configuration aroimd 
which the high resistance film turns on the magneto-resistive effect film, it can apply this invention. 



[Effect of the Invention] As mentioned above, as stated, according to this invention, it can prevent 
that the resistance of a magneto-resistive effect component varies as much as possible, and the yield 
can be made high as much as possible. 



[Translation done.] 



[0051] 
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J|^«c-r ^ C i JgrJ^ t -r €>it*« 1 iai6<DSiiji^« 
CO 0 0 1 ] 
[0 00 2] 

€>o 1 >(>^W-yf^fc »5 1 0 0 G b p s i (Gigabits pe 
r square inch)<DB#f^^C». h "5^ y ^M^tc «9 Olf^tH 

tilit 1 0mVJii±<h#t)i6riij< ^cc^c<h7&^^®.^n 

-5. C(DMmt>^^(iCMUX. TMR (Tunneling Magne 
to-resistancG)^^^C P P - GMR (Current Perpend 30 

icular to the Plane— Giant Maqne to- res i stance)^ <i: 

[0 00 3] M^^<Dmm,:^mitmi^mmjj^ 

(OmRib^^. ^©:/n'fe;^fBffi14<DS*'CA b u t t e 

d Junction (J^T. A J i ) ^'P-feX 40 

^n-So ffiF*93im^^-?^*5C:f^A J ^•aHz;^;^^^^ ^ 
TiaQ (a) tCTK-Tcfc^tC. TSP^^i- :'::'*2 2Jitcff^^ 
^n/cC I P(CurrentIn Plane)ffl^SfnS»mM2 4± 
tCTMUt?X h>'^'3^->2 e^Jf^^b. CCDTMUi^X 

'<rx)^2 8*JcfcC/^€iM3 O^fiXML/ (S9 (c)# 50 
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•feX^SrJi-r (S9 (d) #M) o 
[0004] SiSiimSSIf^^tC^Jl^-C&i. ^Pi2 0 
0 0-2 2 80 0 2-^^fRCC7j^$n'S<fc^CC. TSPmfiS 
2_h^ccpPS5^S5i:a:^M4^jf^«L. ccocpPK 

^igSBS!j^i®4±tcTMu>^:j< h^^^->^mmr^. 

PPMmS^)^3^mM4^«'^•^-^>i^b. -e<Df^. CCD 
[0005] 

^Stn^:^^^cDiSStcA J y'u^::^^mi.^fcm^. -7 
;^ i^<Dii:^^WJBtt3&^ 6iSfi6il5t»4lii8 ^teiSJS 1 0 

>^ ^'OS^SP^tClil 0 ii^-CfiB£»S^a«lmJH4 (DX 2;> 

f)^^c^o ^ecom^. -^^v- imMmm^mm^) o 

fitSA^^^^oi^rb^^o <StC-fe>1f-C3r:)1?-^X:?&i0. 
1/imXO. 1 Mm-C^>or. iim. iiaitMl 0<D:t- 
1 0 nmOOittC. -^(O^t- 

tn3aimKiiimffiicz:>Jgt!fe®««27!?M3Sflfi< JQr^r 
L*5o L/3&^4>> C:<Z>^-/^-^-^r/S^ 1 0nmtC*(| 

[0006] *^a««_bfa*ts*#iaLr3&3n/c^<o 

[000 7] 

^^m^^xmndmMmtm^m^^^^-:^>^L. mfa 

[0 00 8 ] C(DJZ^ ^cmf&^ tx/c3|c^B^(Dm^ft&C 
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[0 00 9] ^jrfc. mnmmmm^t. mi^mmmtm^ 

[0 0 1 0] */c. wjnE-mimm(Dm&atvrd^v^^ 
y^:t>j^v=^>^ axr. R I E<b^>co) ai/c« 

CO 0 1 1 ] ^c*J, mrlBliFffilAMi*. >fc:'-A^>'N- 
[0012] 20 

[0013] (mi mmmm) :^mM(^cj:^mm.mmm 
M^fifii^m^T-oiSifi^so^ 1 (ommmm^m i T) 

[0 0 14] ^-r. S 1 (a) tC^-Tcfc^tC. T-^l/^-y 

^s«ioo±cc. r;u^:^r>^-r3- 

;i -5 C i Ji^^^C^-^if ^ X;&Vh 3<;^c-:>r#/c<i:^ Ccm 
^-C. WIAtilR^-9''rX:0^O. iMmXO. 1 MmftH 
a:tC^Co/cJ#^. *:'+3&<if-C?f^^3n'6N i F e*»6 

(0 1/1 OflS^cAj:-:,-c< -6/cd«>i^U-<>iai!i^#nw* 

tcWiBF-r c i i^mummmn^m^<DmmmiLm(icm 

Sttj:'^X<^. CMPtci:-S^i#{btiN i F ej^^e^cC 40 

[0015] ^^(c. s 1 ( b ) cc^-r ct: ^ ^c. raam® 
2_bccsii:3i^Mm^jg$i^i^jfi. w^&^rcppGMR 

S4^?gRS*r«^o COCPPGMRIB4CD«ll«®{3:. 

W^^^:. T?&^6. nmCDTam. J^M^^l nm(D 

CoFeM. MM:^^ 1 n mCDCuH. M/PtIi^ 1 n mCDCoFdl^ 
]ai/^?S>^l nm(DCuia. l^:d^l nm<7) CoFeS. 
TnmCOCu/l. 1 n mOCoFeH. Mi^^^lnmO 

CuB, ^f^t^l nm<DCDFem. ^M^^ I nuKDCuM. M 50 
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1 n rsKDCoFem. JS/l3&<2 3 n mCOPtMnm. *JJ:0' 
C0 0 16]JKCi-C. CCr>CPPGMRjS4±CC:7:t h 

^•7X^iLrCPPGMR]S4^. m&*-f:t>^»J 

>i^u:r^N-^-r.>i5^-r^ (HI (b)#fia>o Jtc*5. 
SI (b) feii«tc*jc>r«. Sffii 0 05*«iBS$nrt> 

[0017] yctC, 01(c) fCTnfcfc ^ CC. y 4- hiy 
v?>^ hv'S^-ve^-ecD^^SlLTW^l^C oP t?&^6 
^^MJit?5>^5 0 nm<D^^VrXJ®8^?g^U. H^C, C 
PPGMRlBcfc0 4>«tn:<DlSl^KStaJS, m^^tS i O 
2 :;&^^J^j:^liyi7:;^5 0 nmCD^)^Ml O^mmT^. ^ 
LX. hu>?X h/^^->6^^**r^i. SI 

(d) CC7TK-rcfc^>{CCPPGMRia4JiCCS i O2 
J^cC-S^Ml 0;&^^r3^)^CC;:)^:;!pO. t-^^-'y y'tKfSi 

^^•^^->6<DJK^**5J:^:;fS i O2 *»e»i5:-5i»iKJSl o 

(D^miMxcomMm i o cdhi o i^^x^jt — iw: 

tC. ^^^^^'C-^'^ y'Mii^.^mm&:/im 1 0 n m<D:t- ^ 
-(,crJ:^,ta>hu-JVifim^txmm^^fJ:r>X< -So 
[0 0 18] C<D<j:^(C. jf^Ml 0:?J?5CPPGMR^ 

tcjigp^e 1 2 mmoLm^n'^ mmm i o 

>^LniSgR53^atCt3:_b5Pm@l 2 7&^6cD'fe> 
:^mil^«?^n-r. CPPGMRM4t3:, ilfei^lg 1 0 7&^:t 
_^s-^ >:^-:/Lri^?^cC^aJ^b(D;^-C_ha5m® 1 2<bCD 

[ 0 0 1 9 ] cr. ^mmmmx^it. s i ( e > tc^jt 

■rJ:^Cc. iSUmflil 2;5»5Ji^Sc$ti-Strr(c, W;^«C 

HFs i^,ci:r?u^>^:^x^mc^/cR I E^m^^mdc 

tfo/c, j:-^^>>/fi«S i O2 JSl 0"C*^1 0 nmtf 
•o/Co */c. iB5SW^C-<:t><D«^*5CPPGMRiB4 

X ^Zy^X^^C D E (Chemical Dry Etchlng)^®^ 
•r'SCi^^^tcMifLO. CPPGMR184CDfti:Jl 
(DT SiUmm^S i O2 Ml 0 <bCDR I E&C*5t:r<5altR 
iWi^mi OXi^-^^fc. O/cJ&^or. J®ii[;&n 0 nmCDS 
i Oa JKl 0coxu;5=->^«Ta«SJS©l nm(OS.-j 
^>^CC+0^T'5>o C(Dx 'y^>^0CcfcO. SI (f) 
tC^-r<i:^CC. CPPGMRM4±(D»ltM«CPPG 
MRlS4CDx.yt?*-Cf^ilU3rfco -e<Dj|S*. •fe>1?--ffi 
ta»CPPGMR]|i4 cDiMCDMWr 3 ti €. /csb. 

RW«:S<-rsc<i:7&ir#s. ^C*$. CPPGMRIS4 
i^C^^-r^ites^Ml 0^|^*U/cf*. CPPGMRIB 
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[0020] CPPGMRI94±CCl5Ir)ii^-C< i 

^^±<Dmmm i o ^t^m^mt:-r^ c <?:;&«-c# -So 

ti^C<bCCJ5:^;&J. CPPGMRIS4±tclpIDiitfS« 

ict. mmmiocD^mt. cppGMRjK4^«*rn'S 
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m^$>hr>V^i- (A 1 2 Oa ) JSl 1 b^CHFa 
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a Ml 1 bCDS i Oz 111 1 a(C>[t'r^3i!;^l:b«$^4-C 
CPPGMRM4±(DT;U^:^M1 1 h^WLl 0 
nm*x«;.^>y<Oti (04 (b ) #M) . S i O2 J® 
1 1 a30^»T^W^CXu/5=->^3tl^o C<7><!:#. 04 
(b) CCif^-rJ:^tCCPPGMRJ84(7>fiSCC«. ^fcm 
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>y^^ (04 (c) ) o c^-r€>c<hrifei^Mi 10 
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[0 02 9 1 j^icDcfc^cc. mmmi i ^it^^cu 

JJB 1 1 bi)^Tm 1 1 ao:>'^>^i^<D^^^'r^J:^ 
tc. Ji^cDx-^ ^>yU'- h^grTHOJi ^>^U-' h 

[0 03 0] ^/ii. CCr)m2<D||]5fe?&,«4>^ 1 (Om^m 
[003 1 ] :rj:*5, IS 1 ihJ:t^m2<om^m^^U. c 

p p G M R M 4 ±<D}miitM^^*-r ^ ^ > ^ i u r 

[0 03 2] (IS3 (OSIJfeJf^fiS) ^X^C. :^mM(fC^^m 20 

[0 03 3] c<Dmmm(Dm^yjmk:ii. m i (ommm 

J^SCCfcl^r, CPPGMRJK4±<DJ»i^Ml OCDI^* 

[0034] 05 (a) Cc^-rJ:^CC. ®Jl7!;^5 

Onm(DS i02 181 0 ^JB^t" ^^^C^. m KT^IIifS 
Jf^SSil^CXg-Ctf 05 (a) 30 

bJ^cff^t^^^t-o s i O2 »; 
^ffit^rCMP^tf-:>fc« SiOaMlOi. CPPG 
MRJS4<D^®'CJ5>STaJHi(DftlXU- F«JKJ4 : 

mmm \ 0:d>6CPPGMRM4CC^H:fr(DCaejCCiJ» 

3 n-r:^ffifcc CMP *itft>ti^*r < ^j: c m p snxf* 

<D?^t^^05 (b) CC^To CMP^j^l 0 nmtf o 
/Co CPPGMRIS4Ji<Da!0^S i Oz teiltJS^^CPP 
GMRlg[4(DX^i^iSTf*3lUT:C^^C<b*^*:>*^S. C 
P P GUKmA<Dm,±M^cmf&^tlfcUW^^^^T a 40 
llicDjjaXM«2. 5 nmr^-:»/Co i^J.±(DC hf)^hCU 
PtcJ:or*). GMRlBl40«aiJSi<0»nXSJRl:l:^m 
-SCi-C. CPPGMRM4±CD«ytM^^*^'5Ci* 

Rb= cX Ra (=Ra+Rbias) 
CCC. d*Rb(DRatC*f*r€»^i. RbiastSCoPtKK: J: ^ 

ffijKRB {mmmm,-n\^) RB=Rb / sb (tctcu. sb 
«x u T BOG p p GMRjK4oif>r xcc^f-r-s^m 

[0 04 3] CoPt35^e)J':c^^^Vr:?^]^8;&^lilOiiAA/cC 50 
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[0 03 5 ] c<Dm3<ommmn^('C:hi.^xh. mKDm 

[0 03 6] /j:*j. m 1 (0||jSSBSStc4aCir . CoPt;&^6 
/J:^^^VTXS8<D?^^^fetci:or«. 06 (a) tc 
^-Tcfc^^. M^Ml 0 <^:|5l^CC>'^'-YrxM8;55CPP 
GMRK4CDSSgP4C;&>:0>orb$^i«-&30i^'5o C(Di# 

R I Emti^-vvmrn 1 o^&i^*Lr *>^(DTtc^^' 

^Ty^mS^^mnr^Ci:(fCrj:^ (06 (b) #M) o 
m^t^mc CoF^^ 6 /cC ^' r X M 8 tizW^tt*^ ^5) -S /c 

ismmmi o^cppGMRjB4Ji*><E>K^*-rn{*«^^ 

8cDii3^:&SfeCCj:0. >'^wr;:^JS8<D^m^gta:)&^iii<a: 
^^tl^iS^^. /¥< CPPGMRIS4_bCCjg«Sn/c 

[0 03 7] t^TtC. «T-JS«[ffl*±10% ( U>2;^20 
[0 03 8] :7'P-feXtcJ;^^^<D®ai^— 14*5<=fcas^C 

p p GMRjS4 (DmnmiKmcDf^mnmm^+^^^t 

M^-r^iUr. CoPt:5&^6/cC^>'>VTXli8<OliI03i^5^ 

P^Klffl^ ;^ ^/ci?)^Ci^:^^Aj:CoPl^^ 6 AcC 61^ 8 <DC P P G 
MRM4±iC*5t:t^^??iejli¥^fii^35^s6'So 
[0 0 3 9]Jli(T. 0 7^#I^U-C|JiH^t--6o 
[0040] CPPGMRja4(DX>t?3&>605>'>VrX 

)^8(DiPi0 3Z.<5^fa*w (— isos^cc^-r-s^sts^) t 

^M:0^!iI0 3A^■CC>/J:t^^^ : xUTA (=Cl-2w)xi) 

tc:teCir#{iffiS*/c 0 cDj!iM^ii[:^rroicDf6taRa<h-r 

So 

[ 0 0 4 1 ] X ij TACc*5t:r ^m'mmm.:^\^<Dt&tnnA 

RA=Ra / Sa (/c/cU, Sa«x »; T ACDC P P GMR 
Jg|4<D1f-/XCC*fr'5*it&{fcES«) trji^a 
[0 04 2] S/c. CoPt:5&i^/J:-2»M8;^>^liIDiA^n>'S 

§P55^:xgrB c=i-x';rA)ic:foCir. *{i®a*/c 
«3 <oig®Sii::^r^(Ofg!ARb«. 

• — ( 1) 

<i:tC^-SCPPGMRM4CDJte'&«taRt]ot«. xUTA 
<b X y r BCD^^iJtgtaT?^) 0 . Rtot= RAX RB/(RA+RB) t 

SSiiiJlPtt^Di-rSi. (2) ^i/cC^o 

[0 044] 



D=Rtot / (Ra/(Sa+Sb))= (RAX 

(2) ^^s^iLur 

D=C(Ra/Sa)(Rb/Sb) / CCRa/Sa)+(Rb/Sb)))/Ra 
=RaRb/(CRaSb+RbSa)Ra) 

=c/(Sb+cSa) 

c=DSb/(l- DSa) • • • ( 3 ) 

^f#^o ccr. ( 1 ) ^J:*) 

c Ra=Ra+Rbias 

c=l+Rbias/Ra • - • (4) 

tfj:^, (3) S;<b (4) ^^^^ 
Rbias/Ra=DSb/(l-DSa)- 1 - • • (5) 

D. ^ttH«*/cO<DCPPGMRlS©ffiJSRa, CbPtH 
OjA^Sasa, sb*5t>;!Ptitii*SE-C#ScoPt35ri6 ^^la 

[0046] WT©<S3£<D7crcoPD&>63&^H[8 <DC P 

p G M R js 4 ±cDm^mmwf^m^mi^x ^ €> o 

[0 04 7] C P P GMRM4 (OmmMMyjl^CDmiiLm 

PtMnCOm^titn^ : 230 ( M Q • cm) . Mi¥25nm 
TafDM^t&iA^ : 150 ( M Q - cm) . I^jl7&il0nm(^g|]® 

CoPttomMSCi:^ : 150 ( M Q • cm) . IiIOiA^MJ¥t, 
X y TACCfct^f ^miiraSI*)/cO OCPPCM^HeyiJffitaR 

Ra =2 30X 25+150X10=7250 

mm^fc 0 cDSJia^miJiRb:^^. 

Rb =Ra+150t=230x25+150xlO+150t= C Ra=7250c 

CoPt3^^»^^J:-5>'^Vr::<IB8»-en^n<D 

OiiAx/ci brw=0.2. L/c:?!ii-:>r. 
xUTAffiffi: Sa=Ci-0.2X2)Xi^.6 
xyTBffiS: Sb=l- 5^1-0.6=0.4 
iJ^cC-So CCr. (5)^tCSa^0.6. Sb=0.4. D=1.2 
^tgtn:«flDi:b20%<hLr) ^ftK^r^t. 
Rbias/Ra=DSb/(l-DSa)- 1 
=(1.2X0. 4)7(1-1.2X0. 6) -1 
=0.71 

Rbi as=150t=0 . 71X 72 50 
t=34.5 nm 

?!^^34.5nm^r^?^ELr^it^'C#^Cci:6CAj:f5. CoPt;0^ 
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RB/(RA+RB)) / (Ra/(Sa+Sb)) • • • (2) 

[0 04 8] */c. ^ffi:7'p-feX6Cj:>5>'N'-YrxMa5^ 

[0 04 9] — «aCCCoPt*^e>^j:^M*^S:^;l'^CX-;^ 

CPPGMR]S<D^_bjlCD«SM<b>'>'-<rxK8 t<om 

(a) CC:^-rj:0{c. >'NVT::^M8^^t^. j^ilf M 1 
OOD^mtc. ^L<«JteiltMl O^^UAjrciift'&tD 

^e'r>r^>^ u>^^fTi^ (S8 (b) #M) . CP 

PGMRJS4_b^Jg^3nrC^^>'Wr;:<M8 0l^^^> 

u < ^m^J^^n ^ c <fc i*«ft«fl«jr (H 8 ( b ) # 

M) o J^Pt. i^i^Ml O^J^SM-r^i^^ (^8 (c) # 

M) . ui^x ^>'^•^->6CD^*^^&cR I E^^fflc^r 
cppGMRia4 ±<oi^m<om^^^7 ^ c ^ &c j: o 

20 (^8 (d) #M) . CbPtf)^f^rj:z,^^^r:^msi6J:Z/ 

o^cppGMRm4±f)^tb}m^^±uisb. 
[0 05 0] j^j:*5. ±ME<Dmmmn(fCi6i.>x^t. ^ 

[0 05 1 ] 
[@M<Ot»W^I$^B^] 

[13 2] fi^*c^)igs^a<Dra®.«^,;$:i$fcB^-r^»Tffiiao 
[0 3 ] » 1 (ommmmtDm^m^mM-r^mmm. 

[04] :^^HJ J: ^ MiL jimMeMlglA*&J^-?^<Dt!{ 

[0 5] :«:^iQ(c J: ^mmm^mm^mtK^^mm^(Dm 



mi] ^>Vrxjg7&iCPPGMRSJ:K:»#itgJJ«/P 
[0 8 ] IB 1 <Dllllfi5gS80ffe<D^jff$W^Si?BT'5X^»r 



im9] se*o®rtiimMGMR^^cDM^x^»T® 

[010] Se*<7)iS5^7?ffiCcJ:orS8iS$n/t^iSiim 
50 ^GMR^^<D»r®0o 



C7) 



11 



2 Tgpm® 

4 CPPGMRM 

6 h Uiy:^h^^^-> 

6 a V-feX 

8 y^^T>^m 



* 1 0 
1 1 

11a S i O2 
lib A 1 2 Oa 
1 0 0 



5fc 

mi] 



Ca) 



6a- 




— 6 
'6a 



100 



<b) 




(d) 




4 

4-* 
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'10 

-a 
-2 



(e) 



i \ 



RIE 



(c) 



(f) 



10 
2 





2002-204 



RIE 




RtE 



RIE 




(10) 



2002-204003 



mi] 



(a) 



(b) 



W 



CPPGMR 



W 



coPt/^>rrxBi 



XIJ7B 











1 . 




























8 



Ra 



Rb 



[010] 
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(51) Int. CI 

H 0 1 L 43A2 



F I 

G 0 1 R 33/06 



R 



2C017 AAOl AB07 ADS 5 AD65 
5D034 AA03 BA06 BA15 DA07 
5E033 AA02 

5E049 AAOl BA12 CBOl CCOl 



